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PURPOSE:To increase strength and corrosion resistance and impact resistance and to obtain a useful 
base material as a ceramic heater for heating semiconductor wafer by mixing and sintering Si3N4 raw 
material incorporating <»30ppm of impurity content Na and K and superpure water, and sintering it. 
CONSTITUTION:The Si3N4 raw material powder is heated (e.g. 700-1000 deg.C) in a reduced pressure 
(e.g. <=10<-1>Torr) to make the content of the impurities (Na, K) <=30ppm. Then, Si3N4 raw material 
particles from which the impurities are reduced are mixed by using super pure water. Then, this mixture 
is hot- pressed in a prescribed condition to obtain the Si3N4 ceramic incorporating <=0.5ppm impurities. 
This ceramic is used as the base material of the ceramic heater for heating semiconductor wafer. 
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SPECIFICATION 

1. Title of the Invention 

CERAMIC MATERIAL FOR SEMICONDUCTOR FABRICATION DEVICE AND 
PRODUCTION METHOD THEREOF 

2. Claims 

1. A ceramic material for a semiconductor fabrication device, comprising 
silicon nitride in which each content of sodium and potassium is 0.5 ppm or less as 
an impurity. 

2. The ceramic material for a semiconductor fabrication device according 
to claim 1, wherein at least a surface thereof is black and is used for a substrate of 
a ceramic heater for heating a semiconductor wafer. 

3. A production method of a ceramic material for a semiconductor 
fabrication device, comprising mixing a silicon nitride raw material powder in 
which each content of sodium and potassium is 30 ppm or less as an impurity with 
ultrapure water. 

4. The production method of a ceramic material for a semiconductor 
fabrication device according to claim 3, wherein the silicon nitride raw material 
powder is prepared by heating it under reduced pressure. 

3. Detailed Description of the Invention 
(Industrial Applicable Field) 

The present invention relates to a ceramic material for forming a 
semiconductor wafer heating heater, a susceptor, a ceramic tray or the like that can 
be used for a semiconductor fabrication device such as a plasma CVD device, a 
vacuum CVD device, a plasma etching device and a photo etching device. 
(Prior Art and Its Problems) 
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In a semiconductor fabrication device which requires a super clean state, a 
corrosive gas such as a chlorine type gas or a fluorine type gas is used as a 
deposition gas, an etching gas and a cleaning gas. Therefore, as a heating device 
for heating a wafer in the state that the wafer is brought into contact with such a 
corrosive gas, when a conventional heater wherein a surface of a resistance heating 
element is coated with a metal such as a stainless steel or an Inconel is used, 
undesirable particles of chlorides, oxides, and fluorides with several \xm particle 
size are generated by exposure to such a gas. 

For that, an indirect heating type wafer heating device has been developed, 
which comprises an IR lamp in the outside of a container to be exposed to a 
deposition gas or the like and an IR ray transmission window formed in the outer 
wall of the container and which is employed for radiating IR rays to an object to be 
heated made of a highly corrosion resistant material such as graphite, thereby 
heating a wafer placed on the top face of the object to be heated. However, heating 
device of such a type has problems in that the heat loss is high as compared with a 
direct heating type one, that it takes a long time to increase the temperature, and 
that transmission of IR rays is gradually prevented due to adhesion of a CVD film 
to the IR transmission window and thus heat is absorbed in the IR transmission 
window to result in overheating of the window and impossibility of even heating in 
some cases. 

(Passage of the Invention) 

In order to solve the above problems, the present inventors have made 
investigation into an innovative heating device wherein resistance heating 
elements are embedded in a disk-shaped fine ceramic and the ceramic heater is 
held by a supporting part made of graphite. Accordingly, the heating d vice is 
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found to be an excellent device which can solve the above problems. However, to 
fabricate semiconductor elements with as high density as 1 M, 4 M or 16 M, there 
still remain problems of pollution with impurities and it has been required to 
develop an innovative ceramic substrate for a ceramic heater. 
(Problems to be Solved by the Invention) 

An object of the present invention is to provide a ceramic material for a 
semiconductor fabrication device, which is high in strength, is high in corrosive 
resistance, is excellent in thermal impact resistance, and can prevent pollution of a 
high density semiconductor, and a production method thereof. 
(Means for Solving the Problems) 

The present invention relates to a ceramic material for a semiconductor 
fabrication device, comprising silicon nitride in which each content of sodium and 
potassium is 0.5 ppm or less as an impurity. 

The present invention also relates to a production method of a ceramic 
material for a semiconductor fabrication device, comprising min ing a silicon nitride 
raw material powder in which each content of sodium and potassium is 30 ppm or 
less as an impurity with ultrapure water. 
(Operations) 

On the basis of the investigations to find a ceramic material optimum to a 
semiconductor wafer-heating heater, silicon nitride in which each content of 
sodium and potassium is 0.5 ppm or less as an impurity is found to be considerably 
excellent. 

That is, in the case that a ceramic heater is produced by embedding 
resistance heating elements in such a silicon nitride material and then it is 
subjected to a rapid heating and cooling test, it is found that the heater has high 
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strength and also high thermal impact resistance owing to a small thermal 
expansion coefficient of the silicon nitride and the heater is thus not broken even if 
it is repeatedly subjected to rapid heating to a high temperature and rapid cooling. 
Further, the silicon nitride is excellent in the corrosion resistance, the durability of 
the heater is high even under corrosive gas conditions just like the inside of a 
thermal CVD device and thus the life of the heater is prolonged. 

Moreover, it is important that the contents of sodium and potassium, 
impurities of the silicon nitride, are suppressed to be 0.5 ppm or less. As 
described later, on the basis of the measurement results by SIMS (Secondary Ion 
Mass Spectrometry), the above limitation makes it possible to carry out heating 
without causing pollution of a semiconductor wafer. 

The present inventors have produced a susceptor, that is, a ceramic tray 
for, so-called, indirect heating of a wafer while placing the wafer thereon, by using 
the above silicon nitride material, performed experiments, and found similar 
results. 

Further, in the case that the above silicon nitride material is used for a 
ceramic heater for heating a semiconductor wafer, the silicon nitride material is 
preferable to be blackened at least in the surface. That is, with respect to a silicon 
nitride sintered body, since a rare earth metal is added as a sintering aid, coloring 
and uneven coloration attributed to rare earth metal characteristics take place. 
Further, the parts colored due to the rare earth metals are sometimes discolored 
when being exposed to oxygen-containing atmosphere. Not only the product value 
of a heater partially discolored in such a manner is decreased but also IR rays are 
unevenly radiated attributed to the uneven coloration to result in probable 
incapability of even heating a semiconductor wafer. Contrarily, if the silicon 
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nitride material is blackened at least in the surface, product value decrease and 
uneven radiation owing to such partial discoloration can be prevented. 

As a blackening material for blackening the silicon nitride material, a 
tungsten compound or a molybdenum compound is preferable and further tungsten 
carbide or molybdenum carbide is preferable. 

As a sintering aid, Y2O3, Yb203, L.U2O3, T1X12O3, and Er203 are preferable. 

Si3N4 material with a higher a content is more preferable in terms of 
sintering properties. The oxygen content is preferably 1 to 3% by weight. 

The addition amount of tungsten carbide and molybdenum carbide is 
desirably 0.5 to 3% by weight on the extrapolation basis to a prepared mixture of 
silicon nitride and a rare earth oxide. When it is not more than 0.5% by weight, 
no sufficient blackening effect is obtained. It is further preferably 1 to 2% by 
weight. 

In a production method of the present invention, at first, a silicon nitride 
raw material powder with the contents of sodium and potassium not exceeding 30 
ppm, respectively, is made ready. If the contents of sodium and potassium of a 
silicon nitride raw material powder are within this range, the silicon nitride raw 
material powder can be used as it is. When the contents of sodium and potassium 
exceeds the above range, the raw material is subjected to pretreatment by heating 
under reduced pressure to suppress the contents of both of sodium and potassium 
to 30 ppm. The temperature of the pretreatment is preferably 700 to 1000°C and 
the pressure is preferably not higher than 10" 1 Torr. 

The contents of sodium and potassium as impurities in the silicon nitride 
raw material powder are further preferably not more than 10 ppm and furthermore 
preferably not more than 5 ppm. 

5 


Accordingly, for example, when the initial content of sodium in a raw 
material powder is 28 ppm, the powder may be heated in reduced pressure in the 
above-mentioned manner to previously further decrease the content of sodium 
(similar in the case of potassium). 

Next, the above-mentioned silicon nitride raw material powder, a rare 
earth oxide, and either one or both of a tungsten compound and a molybdenum 
compound are mixed. In the mixing step, it is also extremely important to use 
ultrapure water. That is, ultrapure water means highly purified water obtained 
by subjecting pure water obtained by ion exchange and filtration to reverse osmosis 
or the like and conventionally used for LSI fabrication. 

In the case of using such specially treated water for a mixing step of the 
silicon nitride raw material powder, the contents of both sodium and potassium in 
the finally obtained silicon nitride material can be suppressed to as extremely 
slight amounts as 0.5 ppm. Moreover, the effect is closely related to the purity of 
the raw material powder and in the case the contents of sodium and potassium in 
the raw material powder exceed 30 ppm, even if ultrapure water is used at the time 
of m ixing, the contents of sodium and potassium in the final silicon nitride material 
cannot be suppressed to 0.5 ppm. 

Next, the obtained raw material powder is dried and granulated by spray 
drying. A binder is generally added at the time of granulation. 

Next, after the granulation, conventionally a formed body is produced and 
the formed body is pre-fired in atmospheric air to remove the binder. However, 
inventors of the present invention have found that when a complicated formed body 
embedding resistor heating elements therein just like, for example, a ceramic 
heater for heating a semiconductor wafer is subjected to common steps, cracking 
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occurs unexpectedly in the formed body. That is supposedly attributed to that in 
case of adding tungsten carbide or molybdenum carbide to the formed body, 
oxidation reaction is promoted during the heating treatment (pre-firing) in 
atmospheric air to cause volume expansion. 

Therefore, in the case of ceramic heater to which a tungsten compound or a 
molybdenum compound is added, at first pre-firing is carried out after granulation 
and then resistor heating elements are embedded after the pre-firing to produce a 
formed body and in such a manner, occurrence of cracking is prevented. The 
obtained formed body is fired by hot press or the like. 

In the case of producing a ceramic heater to which a tungsten compound or 
a molybdenum compound is added, the pre-firing temperature is preferably 200 to 
600°C. That is because when it is 300°C or less, the binder cannot be removed 
completely and when it exceeds 500°C, oxidation of the silicon nitride powder is 
promoted. 

At the time of forming after pre-firing, the forming pressure is preferably 
100 kg/cm 2 to 500 kg/cm 2 . That is because when it is 100 Kg/cm 2 or less, sufficient 
formed body strength cannot be obtained and when it exceeds 500 kg/cm 2 , 
separation from a die becomes difficult and cracks are formed at the time of 
separation from a die. 
(Examples) 
Example 1 

Used were silicon nitride raw material powders each having an oxygen 
content of 2.2% by weight; an average particle diameter of 0.6 |am; a BET specific 
surface area of 17 m 2 /g; and an a content of 95%. Contents of sodium and 
potassium were changed as shown in the following table. Some of the powders 
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were pre-treated by heating at 1000°C under 10" 2 Tbrr pressure for 1 hour. As 
sintering aids, Y2O3 and Yb203 with an average particle diameter of 0.3 to 2.0 Jim 
were used. Further, tungsten carbide with an average particle diameter of 1.0 |im 
was added and using water as a medium, mixing was carried out by pot mill. 
Distilled water or ultrapure water was used as the water used for the mixing. The 
powders after mixing were dried and granulated by a spray dryer and then 
hot-pressed at 1800°C under 2000 kg/cm 2 pressure for 2 hours. The respective 
sintered bodies obtained in such a manner were subjected to chemical analysis for 
Na and K by atomic absorption spectrometry. Further, the respective sintered 
bodies were polished to have surface roughness Ra of 0.4 [tm, then, a Si wafer, 
which was being closely attached to the polished face, was heated at 800°C in 
vacuum for 5 minutes. After the heating, the face of the Si wafer brought into 
contact with the silicon nitride sintered bodies was analyzed by SIMS (Secondary 
Ion Mass Spectrometry) to find the existence of peaks of K and N. The results are 
shown in Table 1. 
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Being made clear from Table 1, the contents of Na and K contained in the 
respective sintered bodies were both decreased from those in the silicon nitride raw 
material powders. Further, when heating treatment was carried out for the 
silicon nitride raw material powders, the contents of Na and K were decreased. 

It was found that when the contents of both Na and K in the silicon nitride 
raw material powders were 0.5 ppm or less, diffusion of Na and K, which is a cause 
of semiconductor defects, does not occur in the Si wafer. Further, it was also found 
that in order to suppress the contents of Na and K in the silicon nitride sintered 
bodies to 0.5 ppm or less, respectively, silicon nitride raw material powders with 
contents of Na and K suppressed to 30 ppm may be used and ultrapure water may 
be used as a mixing medium. Moreover, it was found that even if the contents of 
Na and K in the silicon nitride raw material powders were very high, the contents 
of Na and K could be decreased by heating the powders in reduced pressure. 
Example 2 

Similarly to Example 1, silicon nitride raw material powders with 5 ppm 
contents of both Na and K were used. Y2O3 and Yb2<53 were used as sintering aids 
and they were mixed in ultrapure water medium by a ball mill. At the time of the 
mixing, mixtures containing a tungsten carbide powder and those containing no 
tungsten carbide powder were produced. 

These mixtures were dried and granulated by a spray dryer and formed 
into disk-shaped plates with a diameter of 150 mm and a thickness of 50 mm. At 
the time of forming, resistor heating elements made of tungsten were previously 
embedded in formed bodies. In order to remove the binder from the formed bodies, 
the formed bodies were pre-flred at 500°C for 10 hours in atmospheric air, cracking 
took place in the formed bodies to which the tungsten carbide was added. 
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On the other hand, in the case that the above mixtures were dried and 
granulated by a spray dryer and pre-fired at first at 500°C for 10 hours and then 
the pre-fired powder mixtures were formed at 300 kg/cm 2 , even in the case the 
tungsten carbide was added to the silicon nitride raw material powders, formed 
bodies with no cracking were obtained. Next, the obtained formed bodies were hot 
pressed in the same manner as that in Example 1. Ceramic heaters embedding 
the tungsten-based heat generating bodies therein were thus produced and in the 
case of using silicon nitride raw material powders mixed with the tungsten carbide, 
the heaters had evenly blackened color, meanwhile in the case of using those mixed 
with no tungsten carbide, the heaters had green color with uneven coloration. 

With respect to the respective ceramic heaters produced in such a manner, 
semiconductor wafer heating faces were heated to 600°C and the surface 
temperature was measured at 10 points in each wafer heating face by a radiation 
thermometer. As a result, in the case the tungsten carbide was added, the surface 
temperature at each point was 600 ± 5°C, whereas in the case no tungsten carbide 
was added, the surface temperature at each point was 600 ± 15°C. That is 
supposedly attributed to that the heat radiation efficiency of each wafer heating 
face was made entirely even by evenly blackening the heater surface. 

In the case of adding molybdenum carbide to silicon nitride raw material 
powders as described above, similar results were obtained. 
(Effects of the Invention) 

According to a ceramic material for a semiconductor fabrication device of 
the present invention, since silicon nitride is used, a ceramic material is provided 
with high thermal impact resistance and corrosion resistance, which are especially 
important for a semiconductor device. Accordingly, the ceramic material is 
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stabilized and has a long life. 

Moreover, since the contents of sodium and potassium, which are 
impurities of this silicon nitride, are 0.5 ppm or less, a semiconductor wafer can be 
heated and held in a semiconductor fabrication device without being contaminated. 

Further, according to a production method of a ceramic material for a 
semiconductor fabrication device of the present invention, since a silicon nitride 
raw material powder with contents of both sodium and potassium suppressed to 30 
ppm or less as impurities is used and mixing is carried out using ultrapure water, 
the contents of both sodium and potassium can be suppressed finally to 0.5 ppm or 
less. 
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